Abstract: The Winner's Curse (WC) is one of the most robust and persistent deviations from theoretical predictions that has been established in experimental economics and claimed to exist in many field environments. There have been many attempts to explain the winner's curse, such as ignoring the cognition process of other agents, having a cursed system of beliefs, the presence of level-k heterogeneity and beliefs, and/or misunderstanding the game. In order to capture the underlying roots of this behavior, we design and implement in the laboratory a simplified version of the Acquiring a Company game. Our transformation reduces the game to an individual-choice problem, but one that still retains the key adverse-selection issue that results in the WC. We also conduct a treatment in which one can vastly simplify the problem using ordinal reasoning rather than cardinal reasoning.
Introduction
Common-value auctions (CVA), where all bidders have the same (ex post) value for an item, but receive different private (ex ante) signals about this value, has long been a major field of study in economics. One of the most robust findings regarding bidding behavior in CVA is known as the winner's curse (WC), where bidders systematically overbid, resulting in an expected loss. Explaining this persistent behavior remains an important challenge for theoretical models. In this paper, we present an experiment designed to isolate and focus on particular explanations of the WC in an environment where several recent theoretical resolutions have been proposed, as well as to test some approaches that might serve to ameliorate it.
In this type of environment, fully rational decision-makers are expected to condition upon the critical future event (e.g., winning the auction) and correctly infer and incorporate the relevant posterior in their current bidding decisions. A systematic failure to do so in CVA results in overbidding and systematic negative (or below normal) payoffs. 1 What are the core elements that lead to the prevalence of the WC? Can the WC be rationalized as an equilibrium phenomenon or must it imply a more fundamental problem in individual decision-making? Two recent innovative theoretical papers offer different unifying stories to explain the persistence of the WC, with considerable success in explaining the winner's-curse data found in many laboratory experiments. Both of these papers permit a more relaxed belief structure than required in standard sequential games, but maintain rationality in terms of agents (players) best-responding to their (relaxed) belief structure. Eyster and Rabin (2005) introduce the notion of "cursed equilibrium," in which bidders correctly predict and best-respond to the distribution of the other bids, but do not correctly perceive how these other bids depend on signals. This model permits flexible levels of value adjustment, depending on the degree of "cursedness". Crawford and Iriberri (2005) propose a model of responses in incomplete-information games using "level-k" thinking, where each player's behavior is drawn from a common distribution of "types" who vary in their degree of sophistication. There are completely naïve and non-strategic players, denoted as L0 types.
Level-k type players, where k = 1,2,…., best-respond to their beliefs that all other players are of types k-1and so are less sophisticated. The level-k approach has considerable success in explaining observed behavior in a variety of auction contexts.
Yet since optimal behavior in a multi-person auction requires complicated calculations of one's best response, involving both beliefs about rivals' rationality and strategic uncertainty, it might be too much to expect that Nash equilibrium prediction will organize experimental data well. Furthermore, given the complexity of the environment it is difficult to clearly ascertain the cause(s) of departures from the Nash norm. It is therefore useful to test behavior in a simpler environment where we can observe an individual's decision process in isolation, rather than as part of a more complex interaction involving other parties. Such a simpler environment may help isolate origins of the WC that cannot be explained by failure of beliefs, common knowledge of rationality and/or best-response considerations.
One such environment is the "Acquire a Company" game, which is based on the famous "lemons" problem in Akerlof (1970) and was first described in Samuelson and Bazerman (1985) .
The game has two players, a bidder (firm) and a responder (the target firm). The bidder makes a bid and the responder either accepts the bid or rejects it; in either case the game is over. The bidder is faced with the task of making an offer for a firm with a current value known to the firm, but unknown to the bidder. The bidder does know that the current value is an integer between 0 and 100, inclusive, with each value equally likely; the bidder also knows that the firm's value will increase by 50% if acquired. The responder transfers the firm to the bidder if and only if the bid is at least as high as the value to the current owner. In spite the simplicity of this game, which abstracts from many of the complications embodied in an auction context, it is critical to emphasize that overcoming the WC -the adverse-selection problem -is still the key difficulty. 2 In practice the bid chosen is typically somewhere between the unconditional expected value to the seller of 50 and the unconditional expected value to the acquirer of 75. 3 The WC has been found to be quite robust to a variety of alternative formulations of this task. 4 Our experimental treatments abstract from beliefs about the behavior and cognition of other people by transforming the "Acquire a Company" game into an individual-choice task. 5 We do so with a 'robot' design, in which there is neither a responding seller nor even any mention of such a role. A participant chooses a bid and then chooses one of 100 'cards' that are displayed face-down on the computer screen (this is our "100VT"). The same rules apply, with the participant receiving 150% of the current value of the card (but paying the bid made) if the bid made is at least as large as the value indicated, with no payoff consequences otherwise. But 2 Upon suitable reflection, the bidder should realize that whenever the responder accepts the bid, B, it implies that the owner's value does not exceed the bid. This conclusion eliminates the possibility of high values (the adverseselection issue) and necessitates forming a new and relevant expectation regarding the firm's value, incorporating the posterior distribution. With a uniform original distribution the posterior is also a uniform distribution on [0,B]; thus, its expected value is † B 2
. This leads to the conclusion that any non-negative bid (smaller than 100) yields an
, for an expected loss of † B 4
, and at this point it is clear that the optimal bid is zero.
3 Ball, Bazerman, and Carroll (1991) and Tor and Bazerman (2003) use a protocol where they ask subjects to write down their reasoning. A typical explanation resembles: "Well, on the average the value is 50 which means it is 75 for me so if I offer (say) 65 we both make handsome profits." 4 Other papers that examine this game include Bereby-Meyer and Grosskopf (2002) and Grosskopf, Bereby-Meyer, and Bazerman (2003) here there is no other human agent for whose behavior one may maintain beliefs, either in the sense of Eyster and Rabin (2005) or Crawford and Iriberri (2005) .
Thus, it is straightforward to reject these belief-based models when the decision is one of individual choice. We infer that the fundamental roots of the WC are not found in mistaken beliefs about other agents or in neglecting the cognitive process of others. But if the source of the winner's curse does not lie in one's belief structure, what could be the cause? We go deeper into the problem, by developing a variation of the task in which there are only two values (this is our "2VT"). In this case, the problem is vastly simplified, so that ordinal dominance is sufficient to rule out all but two alternatives, and one of these is a rather unattractive gamble. In this treatment, even if we 'bend backward' and allow the belief-based models to apply to individualchoice decisions, their predictions coincide with the standard Nash equilibrium. We do find that people are, by and large, capable of mastering this "ordinal reasoning," as dominated choices are rare; however, as we shall see, people often do not perform the final step and the winner's curse persists to a substantial degree.
We use the standard range of values in the 100VT, for the sake of comparability to previous studies. Nevertheless, there are potential problems with a range in which the optimal bid is at one end of the range and the optimal choice is to essentially stay out of the auction. In order to confront this issue, we also run treatments where the range shifts to [20, 119] , so that the optimal bid is no longer the minimum of the range (this is our "shifted-100VT"). We also conduct treatments where the only two values are 20 and 119 (our "shifted-2VT").
It is well known that people often have difficulty in performing Bayesian updating or including all of the relevant information when making their decisions. For example, people may 5 One explanation put forth by Max Bazerman and a series of co-authors is that the WC results from a failure to consider the cognition of other bidders; in a sense, this is a precursor of the belief-based theoretical models.
forget (as is illustrated in footnote 2) that whenever the bid is sufficient, it implies that the value does not exceed the bid, making it necessary to form a new and relevant expectation regarding the firm's value, incorporating the posterior distribution. In this sense, we might say that people have difficulty with contingent reasoning on future events. To confront this possibility, we use a two-pronged approach. First, we expand the experimental instructions to offer considerably more detail, providing multiple examples of combinations of bid and values, asking people to consider the outcomes. This has a considerable effect, particularly in the treatment where there are only two possible values, but we still see many high bids. Our final design involves transforming the bidding task into simple lotteries, where the need to do contingent reasoning is eliminated. Here we do see that about 80% of the population makes the correct choice, with the residual percentage perhaps reflecting a taste for 'action'. These lotteries demonstrate that the framing is critical, since people do better when helped to overcome the contingent-reasoning
problem. It appears that people didn't really frame the problem as lotteries in the first place.
The insightful theoretical models put forward by Eyster and Rabin (2005) and Crawford and Iriberri (2006) definitely help to bridge the gulf between laboratory behavior and equilibrium predictions in standard auctions and complex decision problems. However, we find it is not a simple matter of relaxing the very demanding belief-rationality, mainly in the form of nonoptimal adjustments made for the information revealed by winning. Our study indicates that a much deeper judgmental failure is involved when people fall into the trap of the winner's curse.
Previous Empirical and Experimental Evidence on the Winner's Curse
The first formal claim of the WC was made by Capen, Clap and Campbell (1971) , three petroleum engineers, who argue that oil companies had fallen into such trap and thus suffered unexpected low profit rates in the 1960's and 1970's on OCS lease sales "year after year." 6, 7 Not surprisingly, many economists greeted this claim with a degree of skepticism. After all, such a claim implies repeated errors and a departure from rationality, or at least from equilibrium predictions.
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As a result, that paper sparked a number of investigators to estimate rates of returns from accounting data. Mead, Moseidjord and Sorensen (1983) examine the before-tax rate of return on oil leases in the Gulf of Mexico, and conclude (p. 45) that bidding "appears to reflect excessive enthusiasm for the amount of oil likely to be found. " Hendricks, Porter, and Boudreau (1987) are more skeptical about the prevalence of the winner's curse in auctions for oil and gas leases. Nevertheless, while firms make positive profits on average, there is also evidence for the winner's curse -most firms could have obtained larger profits by reducing their bids by a constant factor; for many of the firms the difference between the actual profits earned and those that could have been obtained with optimal bidding amounted to hundreds of millions of dollars. The authors conclude (p. 529) that "this result suggests that some firms may have … failed to fully anticipate the impact of the 'winner's curse'."
9
The WC is a phenomenon that also seems to be present in a variety of environments other than auctions. Cassing and Douglas (1980) and Blecherman and Camerer (1998) find it in 6 Of course Groucho Marx's statement: "I wouldn't want to belong to any club that would accept me as a member" can be viewed as an earlier recognition of the WC. 7 Capen et al. conclude: "He who bids on a parcel what he thinks it is worth will, in the long run, be taken for a cleaning." 8 For such a claim made by others see Lorenz and Dougherty (1983) and references therein. 9 Hendricks and Porter (1988) also present evidence suggesting that winning bids may have been too high, but argue that it may be due to a failure to correctly anticipate the number of rivals. For more detailed discussions of the issues and evidence from these oil-and-gas studies, we refer the interested reader to Kagel and Levin (1986) , Thaler (1988) , and Kagel and Levin (2002). baseball's free agency markets. Dessauer (1981) suggests it exists in bidding for book publishing rights. Roll (1986) suggests the WC exists in corporate takeovers; Rock (1986) presents a model in which the observed under-pricing of initial public offerings is a direct result of the winner's curse problem facing uninformed investors, and Levis (1990) provides empirical evidence (from British IPOs) that suggests that the winner's curse and interest rate costs explain this under-pricing. Finally, Massey and Thaler (2005) find evidence from the NFL draft that is consistent with the presence of the winner's curse in that environment.
Thus, the evidence suggests that the WC is often present in field and market settings.
Nevertheless, given the empirical nature of the WC and the complexities involved with field data, laboratory experiments are a natural and appealing approach for studying the WC in a carefully-controlled environment. Kagel and Levin (1986) , and Kagel and Levin in collaboration with others, study the existence of the WC and closely related issues resulting from such existence. The main finding is that the WC is a robust phenomenon in many CVA forms, such as the first-price auction, the second-price auction (Kagel, Levin, and Harstad 1995) , and the English auction (Levin, Kagel, and Richard 1996) .
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Clearly, such persistent losses (or belownormal profits) are not part of any equilibrium behavior with fully rational bidders. The typical experimental findings have been that behavior does not seem to converge to the relevant equilibrium and, to the extent that there is learning, it is very slow and situation-specific.
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10 See also Kagel and Levin (1991) and Kagel and Levin (1999) . Kagel and Levin (2002) present a detailed survey of the large body of experimental work related to the WC. 11 Kagel and Levin (1986) find that "super-experienced bidders" do not fall prey to the winner's curse. In a similar vein, Harrison and List (2005) find that experienced agents bidding in familiar roles are not greatly susceptible to the winner's curse, but that they do indeed frequently fall prey to it when bidding in an unfamiliar role. Eyster and Rabin (2005) formalize and generalize earlier ad hoc attempts by Kagel and Levin (1986) and Holt and Sherman (1994) to explain deviations from game-theoretic predictions based on full rationality. Their concept of cursed equilibrium provides an elegant formalization of the psychological principle that one tends to under-appreciate the cognition processes and/or the informational content of others. They define and apply this notion to a variety of economic environments ranging from CVA, Akerlof's lemons market, the take-over game, and voting in juries.
Theoretical models and behavioral considerations
The cursed-equilibrium concept attempts to address the overwhelming evidence, coming in particular from experimental data, that game-theoretic predictions based on fully rational decision-makers and common knowledge often miss the mark completely. They model players who do not fully take into account how other people's actions are contingent on these others' private information. As we explain below, such imperfect accounting may help explain systematic overbidding; this is the WC in both common-value auctions and the take-over game.
In the cursed equilibrium, "each player correctly predicts the distribution of other players' actions, but underestimates the degree to which these actions are correlated with these other players' information." Applying this (for simplicity) to the continuous uniform [0, 100] version of the take-over game, a (fully-) cursed bidder correctly recognizes that for any bid B ≥ 0, a fraction (probability) of B/100 (only those types with firm values that are smaller than or equal to B) will transfer the company. However, to the extent that she is cursed, the bidder then ignores the specific types that will (refuse to) transfer the firm and applies the probability B/100, non-discriminatively to any type. Solving the bidder maximization problem under such fullycursed beliefs yields the following problem: †
The solution to this problem is B*= 37.5. And although 37.5 is still significantly lower than observed data in the earlier Bazerman et al experiments, where the dominant range of bids in most studies is between 50 and 75, the cursed-equilibrium model helps to close the gap between theory and evidence in the two-player takeover game (in fact, the 37.5 prediction comes quite close to the average bid in most of our 100VT cases).
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In our shifted-100VT, we increase the range of values by 20, so that the optimal NE bid becomes 40 instead of the 'corner solution' of zero and the fully-cursed solution to the problem is B*= 62.5. In this case, the bidder maximization problem under fully-cursed beliefs yields:
We shall see that this is not far from the average observed bid in our shifted-100VT case.
Since the model is based on beliefs about other players, the cursed-equilibrium story does not apply when we convert the take-over game to an individual-choice problem, with no other players. However, Eyster and Rabin argue (p. 1632) that, in a less literal sense, the notion of cursed equilibrium more generally means not that each player is certain that every other player's action does not depend on her type, but rather that he does not think through the logic of her strategy. So when subjects hear the rules of the game, they understand that higher offers are more likely to be accepted, but don't think through the mechanism behind this relationship. 12 The Eyster and Rabin model completes the spectrum from a fully rational player to a perfectly cursed player by introducing a parameter c. For example, in our design c = 0 means that the player is fully rational and thus bids 0; c = 1 means that the player is fully cursed in his or her beliefs and will bid 37.5 as in the text. Intermediate values such as c = 1/2 mean that the player is partially cursed, and thus, depending on the degree of cursedness, bids Thus, while our individual-choice results violate the model's predictions, they are arguably not inconsistent with the underlying motivation. While it is not clear (i.e., there are likely several ways) how to incorporate such an idea into an individual choice model, it seems that this might be a fruitful exercise.
Here is where our 2VT is particularly useful. Even if we effectively bend backward and consider the computer to be a player in a two-player game, the Eyster and Rabin model predicts that people will bid 0 when the value can only be either 0 or 99. To see this, recall that a cursed bidder gets the distribution of acceptances right, but doesn't take into account the correlation between the acceptance and the seller's value. So a bidder in the 2VT knows that bids less than 99 are accepted with probability 1/2 and bids at least as large as 99 are accepted with probability 1. However, he doesn't take into account what this implies for value, which he always assumes to be † . Hence, his optimal bid is 0.
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Parallel reasoning in the shifted-2VT case yields an optimal bid of 20. Crawford and Iriberri (2005) provide an alternative approach to explaining deviations from game-theoretic predictions based on full rationality developing a model based on level-k thinking. There is a non-strategic (naïve) type, L0, in the population; the next level is a more sophisticated type, L1, who best-responds to her beliefs that all other players are of type L0. The next-most-sophisticated type, L2, in turn best-responds to his beliefs that all other players are of type L1, and so on. It is clear that matters depend critically on the specification of L0, at least in terms of the model's explanatory power, as this sets in motion and determines the best responses between 0 and 37.5; this rationalizes only bids lower than 37.5. Since here even c = 1 does not move predictions enough, for the sake of brevity, we omit discussing intermediate values in the text. 13 We are indebted to Jacob Goeree for pointing this out.
for the more "sophisticated" types. Crawford and Iriberri find that this approach, with only a small number of types, can be quite successful in a wide variety of auction environments, as well as in other incomplete-information games.
However, once again it is not clear how this model applies to our experimental design.
What is the meaning of L0 when there are no other players? For example, supposing that type L1 does explain the experimental data, who are the L0 types to whom they are making best responses? Certainly at first glance, the level-k approach does not appear to have any bite in our environment.
14 Once again, however, the argument can be made that the underlying notion can Summing up, although these models may indeed provide insight and may explain (at least partially) departures from equilibrium behavior in games, we demonstrate below that the WC is alive and well even in an individual-choice environment. It suggests that the origin of this phenomenon must stem from some form of bounded rationality, such as the decision-maker's failure to recognize that a 'future' event per se is informative and relevant for their current decisions, compounded by poor updating when this idea is even considered.
Our experimental test totally strips away any element of another party's decision process;
in short, we 'eliminate the middle man'. The complexity of the environment may be an important factor in departures from optimal behavior, as previous studies (e.g., Charness and
Levin 2005) have shown; people who may be poor Bayesians in a complex environment may do quite well in a simple one. Thus, we simplified the decision task by introducing the 2VT, which (in addition to stress-testing a more general version of the Eyster and Rabin model) provides the decision-maker a way to reach the correct answer without having to invoke Bayesian updating.
We are not the first to use a computer to interact with a bidder in this task. To the best of our knowledge, Harrison (1989) was the first to use robot bidders in a first-price auction experiment. Selten, Abbink, and Cox (2005) do frame a form of the 100VT task as an individual-choice problem.
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In their design, there is no graphical display on the screen, which we feel makes it completely transparent to the bidder that there is no other entity involved, just one's bid and one's choice of card on the screen -no middleman. More importantly, their focus is on learning direction theory, rather than the winner's curse per se; they do not consider the heuristics available to the players than in auctions, where each player has some private information. Thus, it appears that when informational asymmetries are present, the level-k specification requires some adjustment. 17 Our study is independent from theirs, in the sense that we began our experiments in 2003, and were not aware of their study at that time.
theoretical models of the winner's curse. We also conduct a variety of other treatments (such as the 2VT and the lottery treatment) that shed more light on the origin of the winner's curse.
As we shall see, there are additional behavioral considerations that apply to behavior in our experiments. For example, there is always some element of confusion, which we attempt to address by providing more detailed instructions and a larger number of examples. We also introduce a treatment (the 2VT) where the choice is in essence greatly simplified as it involves only ordinal logic. In addition, there are issues of whether people are actually able to update
properly, but don't always choose rationally, given their posteriors. Charness and Levin (2005) find that people are affected by emotional considerations such as psychological affect in more complex environments. Perhaps people are quite myopic, so that they have difficulty envisioning their circumstances after a future event, so that they are effectively unable to perform contingent reasoning on future events. The results from the 2VT, in combination with the lotteries where no updating is required, shed light on these questions, as we do find a difference in behavior across both the shifted and un-shifted cases.
Experimental Design
We conducted experimental sessions at the University of California at Santa Barbara.
Participants were recruited from the general campus population by an e-mail message; 388 people participated in our experimental sessions. We distributed written instructions to the students and read these aloud, taking questions as they arose. The experiment itself was performed using a web-based computer interface; we also conducted simple lotteries, in which 86 people participated. No person participated in more than one experimental session or lottery.
Participants received $5 for showing up on time and, since we expected losses, they also received a $15 endowment. At the end of the session, we randomly chose one period from each 10-period block for payment, so that only six periods actually counted towards monetary payoffs. This device helped us to avoid (or at least minimize) possible intra-session income effects that could readily affect behavior, including potential bankruptcy issues.
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After netting out the experimental gains and/or losses from the six chosen periods, we converted these to actual dollars at the rate of $0.10 for each unit and added the result to the original endowment.
While one could lose the entire $15 endowment, we mandated that no participant could leave with less than the $5 show-up fee, regardless of the outcomes.
After the instructions were read and discussed, 100 'cards' were displayed on each
person's computer screen, in a 10 by 10 array. Each card had an integer value between 0 and 99, inclusive, with one card having each of the possible 100 values. In the 'standard' 100VT version, the cards were initially displayed in sequence (0 to 9 on the first row, 10 to 19 on the second row, etc.), so it was easy to verify that there was exactly one of each of these integers.
After viewing these cards, a participant clicked to flip the cards over and start the game, knowing that the cards would be re-shuffled after every action (as he or she could verify during the session). Each period the participant chose a bid (a non-negative integer) and then selected one of the cards; the card's value was then revealed. If the bid was at least as large as the value displayed, the participant paid the bid and received 1.5 times the value displayed on the card; if 18 In fact, the bankruptcy constraint should not affect behavior. First of all, at the time of bidding the subject does not know the profits or losses that have accrued in the past, as the periods used for payoff are not chosen until the end. Nevertheless, suppose we are faced with a subject who might wish to take advantage of the limited-liability issue. For simplicity, consider the 2VT case. First, consider behavior in a 20-period session: the subject thinks that if he bids 99 twenty times in a row, there is a 25% probability that he will gain 99, a 50% probability he will lose 49.5, and a 25% probability he will lose 198, but will only be liable for 150. This lottery has an expected value of -37.5, even worse than the one-shot bid of 99, which has an expected value of -24.75. More generally, applying this logic to 60 bids of 99 in the 2VT, calculations show that the expected value of this strategy is -79.40625. Since this is not a profitable strategy, the limited liability should not be an issue here, barring the possibility of confusion.
the bid was (strictly) less than the value displayed, there was no bid payment or value received.
This outcome was displayed on the screen.
In our 2VT, we reduce the complexity of the Bayesian updating problem while simultaneously increasing the variance of the outcome and feedback. We note that bidders in both treatments were free to choose any non-negative integer as a bid. 
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In contrast, the analysis is much more complex in the 100VT. Why is a bid of 60 worse than a bid of 59? If the firm's value is 61 or more it does not matter. If the firm's value is precisely 60, the bidder is better off by 30 by bidding 60 and winning than unsuccessfully bidding 59. In all of the other 60 cases the bidder is worse off with a bid 60 than a bid of 59, but 19 We also conducted an intermediate four-value treatment, in which there were 25 cards each with values 0, 33, 66, and 99. Obviously, this is less complex than the 100VT, but is nevertheless qualitatively different than the 2VT and could provide further insights into the nature of the WC in our setting. We chose the 4VT in part to examine the degree to which the increased proportion of zero bids observed in the 2VT was an artifact of there being only two 'reasonable' bids. We report some details below, but in the interest of clear exposition we refer the interested reader to our working paper for more information. 20 Or 100 if one is uncertain if the bid needs to exceed the value or just equal it. 21 In the original game a bidder makes a profit conditional on winning whenever the firm's actual value is between the bid and two thirds of the bid (a probability of 1/3) and make a loss whenever the firm's actual value is between 0 and two-thirds of the bid (a probability of 2/3). In all cases, a history of the results of all previous periods in a segment
(showing period, bid, value, profit) was displayed on the screen.
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As mentioned earlier, one potential problem with the parameterization in both the 2VT and the 100VT is that the optimal bid in each case is zero. Since this is an action on the boundary of the action space, there could well be other reasons (e.g., boredom) that could lead people to avoid this action. To address this concern, we also conducted sessions in which the range of values was shifted to the integers between 20 and 119 (in the 2VT) and to {20, 119} in the 2VT. The optimal bid is now 40 in the 100VT and 20 in the 2VT; each optimal bid yields a positive expected profit, and we can observe errors from under-bidding.
Finally, it could be argued that our 2VT results stemmed from many (risk-seeking) people wished to bid 99 even though they understood the consequences.
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To test this, we employed two main strategies. First, we initially gave participants instructions with some detail and a minimal number of examples. We also ran additional two-segment sessions with more 22 In a third set of sessions, there were four segments of 15 periods each, in the order 2VT-100VT-2VT-100VT. 23 At the end of many of the sessions, we also passed out four questions that involved making estimates of probability and required some ability to do Bayesian updating. These questions are an attempt to substitute for the often-used demographic questions about a student's major, SAT score, and so forth, and are shown in Appendix D. For a through examination of the effect of such demographic factors on behavior, see Casari, Ham, and Kagel (forthcoming) . 24 See for example Garbarino and Slonim (2005) .
detailed instructions and more examples. Our less-detailed (hereafter "LD") instructions are shown in Appendix A, while the more-detailed (hereafter "MD") instructions are shown in Appendix B. Second, we abstracted from the multiple bidding choices available in the 2VT and framed four possible bids in terms of logically-equivalent lotteries, producing two sets of four simple lotteries; the lotteries for the 2VT are shown in Appendix C.
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In order to avoid the possibility of a limited-liability issue, we endowed each person with an additional $10, against which any gains or losses were netted out. We conducted these lotteries at the end of another experiment (involving the prisoner's dilemma), choosing five people from each session for actual additional payoffs.
26 Table 1 summarizes our experimental treatments: 
Experimental Results
This section presents the results of our experimental treatments, with a particular focus on theoretical issues and predictions in relation to these results. The first question that we address is 25 Dorsey and Razzolini (2003) use a similar approach in converting bids in a first-price auction to lottery choices.
whether transforming the Acquire-a-Company game into an individual-choice problem eliminates the winner's curse in the 'standard' 100VT. Table 2 and Figure 1 present the results in the 100VT: .4010 *The average bid is computed excluding bids over 100, as a few very high bids otherwise distort it. By "100VT first", we mean that the first segment was the 100VT, which was then followed by the 2VT. "LD" means less-detailed instructions and "MD" means more-detailed instructions. In contrast to the strict predictions of the Eyster-Rabin and Crawford-Irriberri models, the winner's curse survives even when one cannot form beliefs about the behavior and motivations of other players. It is clear that, in order to address our results, these models would need to be able to incorporate probabilistic inferences that do not involve the decisions of others. If we relax this requirement, and simply pretend that there is a seller in this 'game', then the average bid made is not too far from the Eyster-Rabin prediction for fully-cursed bidders, coming closer to our data than that in previous studies, where the "dominant range of responses … is between $50 and $75" (Tor and Bazerman, 2002, p. 8) . With the specification we have chosen for L0, which seems to us to be the most natural one, the level-k model predicts that L1 types will bid zero, so our data reject this model even if we pretend that there is a seller.
100VT Results
In fact, while the average bid does not differ greatly across the treatments in Table 2 , we do see substantial variation in the proportion of zero-bids made. There is a 13-15 percentagepoint increase in this proportion when the 100VT is last, so that subjects have first had the experience of playing the 2VT. This difference is significant on a Wilcoxon-Mann-Whitney ranksum test, using each subject's average zero-bid rate as one observation, with Z = 2.29, p = 0.011, one-tailed test). In addition, we find that providing more-detailed instructions increases the zero-bid rate by 18-19 percentage points (also a significant difference, using the same test: Z = 2.16, p = 0.015, one-tailed test) even though we have presented no theoretical explanation for this difference; we return to this point later.
Shifted 100VT. We started with the design that has {0,1,2,…,99} valuations as it is one closest to the standard Acquiring-a-Company game used in previous studies. However, two possible objections to this design are the fact that the optimal bid is at an end-point of the action space, possibly biasing the results and that the payoff for the optimal choice is zero (and although better than a negative payoff) and thus may induce boredom. What happens when we shift the range to and Figure 2 present these results: Once again, the WC seems present, as the proportion of overbids overwhelmingly exceeds the proportion of underbids, whether or not more-detailed instructions have been provided.
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We note that, if we pretend that there is a seller, the Eyster-Rabin prediction for a fully-cursed bidder is not that far from the average bid in both cases. In Figure 2 , we see the most common bids are in the 60-79 range, with the distribution resembling the normal distribution.
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27 One caveat to this interpretation is that the optimal bid is closer to the lower end than the higher end, so that we would observe more overbids than underbids with random bidding. Nevertheless, with random bidding we should expect 306 underbids out of the 1531 non-40 bids in the LD case and 345 underbids out of the 1724 non-40 bids in the MD case; we observe substantially fewer underbids (and more overbidding) in the actual data. 28 We see a little confusion in the LD treatment, as nearly 5% of all bids are below 20 in that case.
2VT Results
We next consider bidding behavior in our 2VT. Recall that in this case, both the EysterRabin and the Crawford-Iriberri models predict bids of zero, whether or not there is an actual seller. We also anticipated a great preponderance of zero-bids, as simplifying the task to require only ordinal reasoning limits the plausible choices to the two possible values, and the gamble implied by bidding the higher value seemed quite unattractive to us. Table 4 and Figure 3 summarize our overall results for the case where there are two possible values: Around 30-60% of all bids are zero when we limit the number of possible values to two, so that the winner's curse is lessened in the less complex environment. Comparing individual tendencies, the zero-bid rate was higher in the 2VT than in the 100VT for 146 people, while this was reversed for 18 people (the rates were the same for the other 56 people); the binomial test shows that this is significantly different from random behavior (Z = 10.00, p = 0.000, two-tailed test). Note that the average bid is typically substantially higher in the 2VT than in the 100VT (although the difference is diminished when there are four segments and with the detailed instructions when the 2VT is the final treatment), so that participants actually tend to lose more money with the simpler design. We see that the distribution of bids in the 2VT is bi-modal, with either very low bids or bids near 100 predominating. It appears that most participants possessed some degree of sophistication, understanding that it was foolish to bid anything other than 0 or 99 (or 100, if one is uncertain about the tie-break rule). In fact, these bids comprised 82.5% of all bids in the 2VT
with the LD instructions, and 90.8% of all bids in the 2VT with the MD instructions.
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Thus, people seem able to master ordinal reasoning and avoid dominated (interior) bids. We note further that the frequency of these dominated bids drops sharply over time, with rates of 16.7%, 5.8%, and 3.7% in the first, middle, and last 10 periods of a segment, respectively. Once again, we see a shift towards more low bids with the MD instructions, as 40% of all bids are below 10 with LD instructions, compared to 52% with the MD instructions.
Shifted 2VT. We also consider behavior in the 2VT when the two possible values are 20 and 119. In this case, the lower value is still the optimal bid. However, bidding 20 does not mean in the 100VT, loses 11.56 on average, while a fully-rational bidder breaks even with a zero bid. A 'partiallysophisticated' bidder in the 2VT who recognizes that bidding 68 makes no sense, but can't see that 0 is better than 99, instead loses 24.75 on average -more than twice than the naïve bidder's average losses! that there is no 'action' for the subject, since 50% of the time bidding 20 gives a profit of 10 units. Since non-negative bids below 20 are allowed, we can also potentially observe underbidding. Our results in the shifted 2VT are summarized in Table 5 : We see that the proportion of optimal bids is around 50% or higher, as high as is seen in the standard 2VT. Nevertheless, it is clear that shifting the end points does not eliminate the WC. Figure 4 shows that, once again, people largely avoid dominated (interior) bids, suggesting that ordinal reasoning is not too difficult for our subject pool: In the 2VT with less-detailed instructions, 276 bids out of 1560 (17.7%) were either less than 20 (55 bids), between 21 and 119 (160 bids), or greater than 120 (61 bids). Having moredetailed instructions again reduced the confusion that people had with this choice, as in this case 138 bids out of 1770 (7.8%) were either less than 20 (20 bids), between 21 and 119 (98 bids), or greater than 120 (20 bids). The rate of dominated bids again drops steadily over time, with rates of 17.8%, 11.0%, and 8.5% in the first, middle, and last 10 periods of a segment, respectively.
Problems with Contingent Reasoning on Future Events
We now consider some possible explanations for the persistence of the WC that rely on cognitive issues and not on the (relaxed) belief structures proposed by the Eyster-Rabin and
Crawford-Iriberri models. First of all, it seems clear that the 100VT environment is more complex than most subjects can handle, so that simplifying to the 2VT environment makes the decision problem more approachable. Few people choose dominated bids frequently, 31 and yet a not-inconsequential proportion of the participants chose the risky gamble with negative expected payoffs over either the assured result of zero (in the original 2VT) or a small positive expected profit (in the shifted 2VT).
So we can see that complexity is a hurdle for many people in this decision task. One of our approaches to ameliorating this problem is to provide more detailed instructions and a greater number of examples. This device did have a moderate degree of success, decreasing the rate of dominated bids in all treatments, increasing the zero-bid rate in the original 100VT and 2VT, and increasing twenty-bids in the shifted 2VT. Thus, helping people work through the contingent reasoning problem bears some fruit, perhaps particularly with the less complex task. However, we are still left with many people who choose to make large bids, even in the simpler 2VT.
32 31 In the original 2VT, 126 of 220 (57%) subjects never choose a dominated bid, while 161 of 220 (73%) subjects chose dominated bids no more than 10% of the time; 56% of these bids were chosen by 10% of the population. In the shifted 2VT, 67 of 111 (60%) subjects never choose a dominated bid, while 82 of 111 (74%) subjects chose dominated bids no more than 10% of the time; 62% of these bids were chosen by less than 10% of the population. 32 It has been suggested to us that one could consider that there is a cognitive cost to performing calculations, thus helping to explain why people overbid in the 100VTand the 2VT. In principle, this seems reasonable; however, we are a bit skeptical about its application here. In the 100VT, bidding randomly results in an expected loss of 49.5/4 = 12.375 units in each period. Three periods (out of the 30 in this treatment in a session) count towards payoffs, at the rate of $0.10 per unit, so that the expected cost of not performing the calculations is $3.71. In the 2VT, the argument would be that there is very little cognitive cost when ordinal dominance is involved, so bids should be either 0 or 99.
Lottery treatments.
In order to proceed further in our investigation, we asked people who had not been in our 60-period sessions to choose a preferred lottery from a set of four possibilities labeled A, B, C, or D. Each of these lotteries corresponds to a bid in the 2VT. Lottery A is a safe "Lottery" that assures 0 earnings and corresponds to a 0 bid in the original 2VT task;
Lottery B corresponds to a bid of 33 in this task and yields 0 with a probability of 1/2 and -33
(loss) with a probability of 1/2; Lottery C corresponds to a bid of 66 in the original task and yields 0 with a probability of 1/2 and -66 (loss) with a probability of 1/2; finally, Lottery D corresponds to a bid of 99 in the 2VT and yields a gain of 49.5 with a probability of 1/2 and -99
(loss) with a probability of 1/2.
We followed the same approach in creating lotteries corresponding to the shifted 2VT, Lottery A (or A') is the obvious prediction, unless a subject has some strong preference for making a risky choice. Lotteries B and C (or B' and C') correspond to dominated (interior) bids, while Lottery D (or D') is at least consistent with ordinal reasoning, but one might have expected a simple calculation would lessen the attraction of this high bid.
We had two important motivations for conducting these Lottery treatments. First, some reviewers felt that the relatively high proportion of bids of 99 in the 2VT might reflect strong preferences for risk seeking, so that people understood the gamble involved and found it attractive. Since each positive bid may be presented as a choice of a relevant lottery, one might argue that the WC is nothing more than expression of risk loving. Second, there is a critical Bidding 0 or 99 randomly again leads to an expected loss of 12.375, or $3.71 for the three periods that count. This framing/contingent reasoning issue. Although the Acquire-a-Company task is logically and mathematically equivalent to a choice among 100 (relevant) lotteries, behaviorally these may very well not be equivalent, since the presentation as lottery circumvents the need for contingent reasoning.
The results of this treatment are shown in Table 6 : Overall, we see that 85% of the subjects chose the equivalent of bidding zero in the original 2VT, compared to 75% in the shifted 2VT. Four people out of 86 (5%) made confused choices in this one-shot decision task. Note that choosing 119 in the shifted 2VT is a better gamble than choosing 99 in the original 2VT, yielding an expected loss of -14.75 compared to -24.75; perhaps this has something to do with why we see more D choices in the second lottery set.
We take this overall 80% result to be a rough upper limit for how far one can be able to eliminate the winner's curse in the laboratory, given certain characteristics of the environment; such as the fact that people are playing with 'house money'. This treatment would seem to be about as transparent as is feasible, without overtly waving a flag in the participants' face. The contingent-reasoning problem is solved for the decision-maker here.
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Thus, our evidence indicates that it is not the case that the half (or more) of the subjects in the 2VT (or shifted 2VT) who made high bids were risk-seeking per se, being sufficiently attracted to the gamble and fully understanding the consequences when making the high bid. We Figure 5 shows the number of zero bids (out of 30 possible) made by each individual in the 100VT and the 2VT. We see that few participants bid zero very often in the 100VT; more than three-quarters of the participants bid zero less than 10 times, while one-sixth of the participants bid zero more than 20 times. In the 2VT, half of the participants bid zero less than 10 times, while one-third bid zero more than 20 times; some people mix between bids of 0 and 99 in the 2VT.
35 33 In fact, evidence from Holt and Laury (2002) shows that people make very few risk-seeking choices in lotteries; their Figure 6 indicates that fewer than 10% of all choices were risk-seeking. 34 Dorsey and Razzolini (2003) find that people with high values bid considerably and significantly more in the auction than in the corresponding lottery, but that this difference in behavior is substantially reduced by showing people the probability of wining the auction. Thus, there is evidence in their study that a misperception of probabilities is a factor in overbidding. 35 It is possible that such people (and perhaps those who make small bids in the 100VT) understand that bidding zero is correct, but would nevertheless like to be active to some extent anyway. To the extent that this is true, we might expect that our observed zero-bid rates understate the level of understanding.
Economists often wonder if a given phenomenon is simply ephemeral, or seems to have some staying power. We find perhaps surprisingly little change over time in our sessions. Figure 6 shows the zero-bid rate in the standard 2VT and 100 VT; Figure 7 shows the overbidding rate in the shifted 100VT and the shifted 2VT: As can be seen, there is no strong pattern over time, although the zero-bid rate is increasing slightly in Figure 6 .
While learning is not a focus of this paper, and we see little change over time, we wish to point out a behavioral regularity, present in both the original 100VT and the shifted 100VT. This is illustrated in Tables 7 and 8 : After a "no outcome," there is a strong tendency to raise one's bid, perhaps because the subject wanted some 'action'. What is particularly interesting is that subjects had a tendency to lower their bids after an outcome, whether positive or negative. This is strongest in he shifted 100VT, where more people lower their bid than raise their bid by 52% to 17% after a negative outcome, and 43% to 16% after a positive outcome. In both the original and the shifted 100VT, the total number of times that the bid was raised and lowered was roughly equal, helping to explain how we do not see much drift over time.
On an individual level in the 100VT (shifted 100VT), patterns are somewhat more revealing. We observe 104 people in both treatments who more frequently (compared to the alternatives) decrease their bids after either positive or negative results, while nevertheless increasing their bids after no outcome. However, there are also 55 people who increase their bids after a positive outcome or no outcome, but reduce their bids after a negative outcome; there are also 42 people who keep their bids the same after a positive outcome, but lower them after a negative outcome and keep them the same after no outcome. Thus, different people respond differently to the various outcomes. Nevertheless, the result that people tend to raise their bids after not receiving an outcome is quite robust across the population. After no outcome, 195
people are more likely to raise their bids than to lower them; this is reversed for only 15 people.
Following up on these Tables, we perform a formal analysis of the effect of the previous period's outcome on participant bidding. We present random-effects specifications in Table 9 for the change in the bid depends on the previous outcome in the original and shifted treatments: Standard errors are in parentheses; *** indicates significance at p = 0.01, ** indicates significance at p = 0.05, and * indicates significance at p = 0.10 (all two-tailed tests).
The payoff outcome from the previous period affects one's bid; the worse the previous outcome, the more the current bid is reduced. In addition, bidders do tend to raise their bids significantly when these were 'unsuccessful' in the previous period.
We also perform detailed regressions on the determinants of bidding behavior, which can be found in Appendix E. Summarizing these results, the optimal, zero-bid (twenty-bid) rate is higher in the 2VT, males make more optimal zero-bids (twenty-bids) and lower bids on average than females, more detailed instructions help with the optimal, zero-bid (twenty-bid) rate, but not with average bids in the 100VT, and people who do better on our Bayesian updating questionnaire, which demonstrates a better feel for probability, have a higher zero-bid (twentybid) rate.
Conclusion
It seems that presently only a few economists doubt the existence of WC-type of behavior in the lab and more and more are willing to accept that such behavior may indeed exist outside the lab in real markets. It is important to study whether and how such departures from equilibrium and/or rationality are eliminated (mitigated) over time with experience, information structure (feedback), and institutional variations (rules of the auction or market).
We find that the winner's curse is alive and well, persisting even when we cast the Acquiring-a-company game as an individual-choice task, thereby creating a one-person adverseselection problem. This device shows that the origin of the winner's curse does not lie in failing to take account of the cognition of other players or in current theoretical explanations involving beliefs about other players. Instead, it stems from a form of bounded rationality, as to a large extent decision-makers fail to recognize that a future contingency is relevant for their current decisions. This is compounded by difficulties with Bayesian updating; we find that people who perform better on our questionnaire regarding such updating do significantly better in our data.
In line with the notion of difficulties with contingent reasoning, providing more informative instructions has an appreciable effect on behavior. Finally, we observe a great deal of heterogeneity across the population.
As we noted earlier, both the Eyster and Rabin (2005) and Crawford and Iriberri (2005) models predict that people will bid zero in (a two-player version of) the 2VT (or 20 in the shifted 2VT), and so these predictions are partially correct. Avoiding the WC in the 2VT involves two steps: First, one should realize that bids other than 0 or 99 do not make sense; and the great majority of participants understand this. Second, one might expect decision-makers to recognize that by bidding 99 rather than 0 (or 119 rather than 20 in the shifted 2VT) they are choosing a quite unattractive lottery, with a 50% chance of losing 99 and a 50% chance of winning 49.5 (or, in the shifted 2VT, a 50% chance of losing 89 and a 50% chance of winning 59.5); here is where many people seem to be unable to see the light and perform the contingent reasoning necessary to understand the meaning of these bids. When we test choices in our Lottery treatments, we find considerable improvement in terms of optimal bids. We find a limit of about 80%; it is possible that 20% of the population is actually risk seeking in this environment.
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Our aims in this paper were primarily to demonstrate the persistence of the winner's curse in an individual-choice problem and the effect of simplifying the decision environment.
We do not provide a comprehensive theoretical model, but we hope that our results will provide some insight into the origin of the winner's curse and stimulate better theoretical explanations of this pervasive economic problem.
INSTRUCTIONS (2)
In this segment of 30 periods, you will once again see 100 cards on your screen, in a 10x10 array. However, now they will have values that range between 0 and 99, inclusive. You will see all of these values before beginning, and will then click a button to flip the cards over and start the game. The cards are re-shuffled after every action.
Once again, if your bid is greater than or equal to the card's value, you receive 150% of this card's value. If your bid is less than the card's value, nothing happens; that is, you earn zero in such rounds.
Some examples
Suppose, for example, you bid 99:
1. Since card's value cannot exceed 99 a transaction will take place. You earn positive profits whenever 150% of this card's value is larger than your bid of 99 and you make negative profits (lose money) whenever 150% of this card's value is smaller than your bid of 99.
What would the outcomes be if the value drawn were 0 or 22 or 50 or 99?
Suppose, for example, you bid 42:
Appendix C -Lotteries Instructions
Below, you are asked to make a decision regarding which of four possible choices you would most prefer. Each choice involves one or more possible outcomes, and each of these outcomes occurs with some probability; these respective probabilities are clearly indicated. We ask that you indicate your choice by making a mark to the right of your preference.
Please note that there is a number in both the upper right-and left-hand corners of this sheet, which is unique for each copy. Please tear off one of these numbers and hold onto it. After we have collected all the questionnaires, we will randomly pick five of these numbers and those whose decision sheets are selected will receive $10 plus (or minus) their gains (or losses) from the selected choice. The chosen decision sheets will be given to the experimenter in the payment room; please bring your number with you. The outcome for the indicated decision will be determined by a coin flip made privately in the payment room. The leftmost outcome will occur if the coin comes up heads, while the rightmost outcome will occur if the coin comes up tails.
Please do not look around at other people's decision sheets or engage in conversation with the other participants. Should you have any questions, please raise your hand and we will be happy to assist you.
Here are the four alternatives from which you must choose:
A: Receive $0.00 whether the coin comes up heads or tails. _______ B: Receive $0.00 with 50% probability and lose $3.30 with 50% probability. _______ C: Receive $0.00 with 50% probability and lose $6.60 with 50% probability. _______ D: Lose $9.90 with 50% probability and gain $4.95 with 50% probability. _______
Appendix D -Questions on Bayesian Updating
Consider two machines placed in two sides of large production hall, left side = L and right side = R.
The two machines produce rings, good ones and bad ones. Each ring that comes from the left machine, L, has a 50% chance of being a good ring and a 50% chance of being a bad ring. Each ring that comes from the right machine, R, has a 75% chance of being a good ring and a 25% chance of being a bad ring.
In each of the following 4 questions you will observe some ring(s) that are the output of one of the two machines. After the information is given, you are asked to mark one (and only one) of the probabilities that you think is closest to the true probability that the L = left machine produced the ring(s), given your observations.
Each correct answer pays $0.50.
Q1. You observe one good ring. What is your best assessment of the probability that the left machine produced this ring? Standard errors are in parentheses; ***, **, and * indicate significance at p = 0.01, p = 0.05, and p = 0.10 (all two-tailed tests), respectively; Period refers to the period in the regime. Last 30-period segment = 1 if it is the last half of a two-segment session, but is 0 otherwise. Bids > 100 were excluded in regressions (4) -(6). Regressions (1) -(3) are Probit regressions, using clustered standard errors at the level of the individual subject. Regressions (4) -(6) are two-sided Tobit regressions, with a lower limit of 0 and an upper limit of 100; we used clustered standard errors at the level of the individual subject. 
